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Abstract
We study the property of X(4260) resonance by re-analyzing all experimental data avail-
able, especially the e+e− → J/ψ pi+pi−, ωχc0 cross section data. The final state interactions
of the pipi, KK¯ couple channel system are also taken into account. A sizable coupling be-
tween the X(4260) and ωχc0 is found. The inclusion of the ωχc0 data indicates a small
value of Γe+e− = 23.30 ± 3.55eV.
1 Introduction
The X(4260) (previously called Y (4260)) resonance has been found by BaBar Collaboration
in initial-state radiation (ISR) process, e+e− → γISRJ/ψπ+π−, in year 2005 [1], and has been
confirmed by CLEO [2] and Belle [3] Collaborations, respectively. In Ref. [4], the mass and
width of this resonance are given with M = 4251± 9MeV and Γ = 120 ± 12MeV, respectively.
Furthermore, Γee × Br(J/ψππ) = 9.7 ± 1.1eV [3] or 9.2 ± 1.5eV [5]. In theory aspect, the
structure of X(4260) is very interesting, since it is generally thought that there are not enough
unassigned vector states in charmonium spectrum (including the recently reported Y (4360),
X(4630)/Y (4660) states), also the masses are inconsistent with naive quark model predictions [6]
– the only such 1−− states expected up to 4.4GeV are 1S, 2S, 1D, 3S, 2D and 4S, and they seem
to be well established [7]. The situation is depicted in Figure 1. It is noticed that above DD¯
threshold the number of 1−− states given by quark model prediction is inconsistent with that
given by experiments. One tends to believe that the discrepancy between the naive quark model
prediction and the observed spectrum is ascribed, at least partially, to the existence of many open
charm thresholds, since the latter will distort the spectrum. The situation is depicted in Figure 2.
Because of the situation as described above many theoretical papers have been devoted to the
investigation on X(4260). In the literature, many models have been made, e.g., χc0ρ
0 molecule
[8], ωχc1 molecule [9], cc¯g hybrid state [10–14], ΛcΛ¯c bayronium [15], D1D¯ orD0D¯
∗
0 molecule [16–
18], non-resonant explanation [19,20], etc.. Besides, the tetraquark state explanation is also very
intersting [21–26], especially when two resonances, Zc(3900) and Zc(4025), are recently found in
J/ψπ and D(∗)D¯(∗) channels in e+e− annihilation near 4.26GeV by BESIII Collaboration [27],
and confirmed by Belle [28] and CLEO [29] Collaborations. However the open charm channels
such as D¯D∗, DD¯∗, D∗D¯∗ are not found in the final states of X(4260) decays [30–32], making
the property of X(4260) to be more mysterious.
The present authors have also studied the X(4260) issue in the previous edition of the present
paper (Preprint arXiv:1206.6911v2, herewith denoted as V1). Through a careful analysis to
experimental data available, it is found that the X(4260) has a sizable coupling to ωχc0 channel,
but not to other (nearby) channels. Inspired by our result, a recent experimental analysis [33,34]
shows that there is indeed a sizable ωχc0 final state signal in e
+e− collision at around 4.26GeV,
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Figure 1: X(4260) and nearby resonances from naive quark model calculation [6].
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Figure 2: Location of X(4260) and nearby thresholds.
which hints that the X(4260) may have a large coupling to ωχc0 – though it is not totally clear
whether the ωχc0 is from the continuum spectrum or the X(4260) resonance, or from both.
Furthermore, the cross section of hcππ channel [35] is also measured at this energy implying
that the X(4260) may also couple to it. Because of all these new observations, we have an
urge to upgrade the work of V1. In the present paper, we continue the preceding analysis by
including the ωχc0 (and also hcππ) cross section data, and we find that the major qualitative
conclusion of V1 still holds, that is X(4260) couples significantly to ωχc0 but not to other nearby
thresholds. Furthermore, we find that the X(4260) resonance is likely to maintain a small e+e−
width, thanks to the new ωχc0 data.
The paper is organized as the following: In section 2 we review on theoretical tools we use
in this paper, where special emphasis is made on the final state interactions between pions and
kaons. In section 3 we give a detailed description to our numerical fit program with two scenarios,
one does not include the ωχc0 cross section data [33, 34], and the other one includes. Both of
them take into account the effect of the possible hcππ decay channel. The pole locations of the
X(4260) propagator are also searched for. Finally conclusions and physical discussions on the
present analysis is given in section 4.
2
2 Theoretical Discussions on e+e− → J/ψpipi
2.1 Effective Lagrangian Describing e+e− → J/ψpipi Interactions
Assuming that the X(4260) is a JPC = 1−− chiral singlet particle. The transition operator
between photon and X(4260) is as the following:
LγX = g0XµνFµν , (1)
where we use the anti-symmetric representation Xµν to describe the 1
−− state X(4260), and
Fµν denotes the photon field strength. Notice that in the present notation, one has
Γe+e− =
4α
3
g20
MX
, (2)
where we have neglected the electron-positron masses. For X(4260) decay, the following effec-
tive lagrangian is used, which is accurate in the leading order in the expansion in terms of π
momentum in the center of mass frame of ππ system:
LXψPP = h1Xµνψµν < uαuα > +h2Xµνψµν < χ+ > +h3Xµαψµβ < uβuα > , (3)
where anti-symmetric representation ψµν describes J/ψ. Up to O(p2π) level, in Eq. (3) there
exist only three independent interaction terms with coefficients h1, h2 and h3. Further, uµ =
i(u+∂µu− u∂µu+) and
u = exp{i Φ√
2Fπ
} (4)
is the parametrization of the pseudo-goldstone octet:
Φ =


1√
2
π0 + 1√
6
η8 π
+ K+
π− − 1√
2
π0 + 1√
6
η8 K
0
K− K
0 − 2√
6
η8

 . (5)
The chiral symmetry breaking term with coefficient h2 in Eq. (3) reads,
χ+ = u
+χu+ + uχ+u, χ = 2B0 diag(mu,md,ms) . (6)
Parameters Fπ and B0 can be fixed phenomenologically: Fπ ≈ 92.4MeV and < 0 | ψψ | 0 >=
−F 2B0[1 +O(mq)]. The Eq. (3) can also be rewritten in an explicit form,
L1 = 4h1
F 2π
XµνF
µν(∂ρπ
+∂ρπ− +
1
2
∂ρπ
0∂ρπ0 + ∂ρK
+∂ρK− + ∂ρK0∂ρK¯0 +
1
2
∂ρη∂
ρη),
L2 =−4h2
F 2π
XµνF
µν(m2ππ
+π− +
1
2
m2ππ
0π0 +m2KK
+K− +m2KK
0K¯0 + (
2
3
m2K −
1
6
m2η)ηη),
L3 = 4h3
F 2π
XµαF
µβ(
1
2
∂βπ
+∂απ− +
1
2
∂βπ
−∂απ+ +
1
2
∂βπ
0∂απ0 +
1
2
∂βK
+∂αK− +
1
2
∂βK
−∂αK+
+
1
2
∂βK
0∂αK¯0 +
1
2
∂βK¯
0∂αK0 +
1
2
∂βη
0∂αη0) . (7)
2.2 Kinematics and Tree Level Amplitudes
We denote the momenta of e−, e+, X(4260), J/ψ, π+ and π− as q1, q2, q, q0, q+ and q−
respectively, see in Fig. 3. The polarization of J/ψ is represented as ǫψ, and k± = q+ ± q−.
Then one has the following relations:
s ≡ k2+,
k2− = −sρ(s)2 = 4m2π − s,
q20 =M
2
J/ψ, k+ · k− = 0,
k+ · q0 = 1
2
(q2 −M2J/ψ − s), (8)
3
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Figure 3: A depiction of kinematics.
where ρ(s) =
√
1− 4m2pis . The amplitude of X → J/ψπ+π− process at tree level is
iAtree = i4eg0
MJ/ψF 2πq
2DX(q2)
v¯(q1, s)γλu(q2, s
′){[4h1 1
2
(s− 2m2π) + 4h2m2π](q0 · qǫλψ − q · ǫψq0λ)
+
1
2
h3[ − q0αq · ǫψ(kλ+kα+ − kλ−kα−) + ǫλψq0αqβ(kα+kβ+ − kα−kβ−)
−q0λqαǫψβ(kα+kβ+ − kα−kβ−) + q0 · qǫψα(kλ+kα+ − kλ−kα−)]}, (9)
where α, β, λ are Lorentz indices and DX(q
2) is the denominator of the X(4260) propagator
which will be discussed latter.
Following the helicity amplitude decomposition method [36] and choosing the basis of tensors
t˜(0) = 1,
t˜(1) = kµ−,
t˜(2) = kµ−k
ν
− −
1
3
k2−g˜
µν , (g˜µν = gµν − k
µ
+k
ν
+
k2+
), (10)
it is easy to separate the S-wave and D-wave components of ππ system. The overall S-wave
amplitude reads,
iAtrees =
i4eg0
MJ/ψF 2πq
2DX(q2)
v¯(q1, s)γλu(q2, s
′)ǫψω{[4h1 1
2
(s− 2m2π) + 4h2m2π](q0 · q gλω − qωq0λ)
+
1
2
h3[−1
3
ρ2(s)q0λq
ωs+
(
1− 1
3
ρ2(s)
)
kλ+q
ωq0 · k+ + 1
3
ρ2(s)q0 · q gλωs
−
(
1− 1
3
ρ2(s)
)
gλωk+ · q k+ · q0 − 1
3
ρ2(s)q0λq
ωs+
(
1− 1
3
ρ2(s)
)
kλ+q
0ωq · k+
+
1
3
ρ2(s)q0 · q gλωs−
(
1− 1
3
ρ2(s)
)
kλ+k
ω
+q · q0 ]}, (11)
whereas the D-wave part is then
iAtreed =
i4eg0
MJ/ψF 2πq
2DX(q2)
v¯(q1, s)γλu(q2, s
′)ǫωψ
1
2
h3
(
tλα2 q
0
αqω − tαβ2 gλωq0αqβ + tαβ2 gβωq0λqα − tλα2 gαωq0 · q
)
≡ 2eg0h3
F 2πMJ/ψq
2DX(q2)
Bd . (12)
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The standard Breit-Wigner type of X(4260) propagator is parametrized as DX(q
2) = M2X −
q2 − iMXΓX(q2), where ΓX(q2) is the total decay width including partial width of all possible
channels that will be discussed latter.
Since the D-wave contribution is proportional to the 4th power of the kinematic factor ρ(s),
it is highly suppressed comparing with the S-wave contribution. Through numerical studies it
is shown that the D-wave contribution is roughly less than 1% of the total decay rate, therefore
we will not include it in the fitting process in this work.
2.3 Final State Interactions(FSI)
The tree level amplitude as described in section 2.2 is not sufficient to describe the X →
J/ψππ decay process, since the ππ system undergoes strong final state interactions (FSI), espe-
cially in IJ = 00 channel. To include FSI, the following decay amplitude is proposed [37]:
A1 =Atree1 α1(s)T11(s) +Atree2 α2(s)T21(s) ,
A2 =Atree1 α1(s)T12(s) +Atree2 α2(s)T22(s) , (13)
where subscripts 1,2 denote ππ and KK¯ final states, respectively. For Atree2 (the KK¯ amplitude),
one only needs to change the mπ into mK in A
tree
1 (the ππ amplitude). Especially T11, T12 and
T22 represent ππ → ππ, ππ → KK¯, KK¯ → KK¯ scattering amplitudes, respectively. Functions
αi are mild polynomials which place the role to offset the ‘left hand’ cuts on the complex s plane
in amplitude T that would not appear in function A. Expressions in Eq. (13) are remarkable in
the sense that the unitarity relations are automatically satisfied. The decay amplitudes Ai, as
an analytic function of s, obey:
ImA1 =A∗1ρ1T11 +A∗2ρ2T21,
ImA2 =A∗1ρ1T12 +A∗2ρ2T22. (14)
In α1(s) an additional pole term is added:
α1(s) =
c
(1)
0
s− sA + c
(1)
1 + c
(1)
2 s+ · · · , (15)
where sA represents the Adler zero of T11. The role of the pole term is to cancel the Adler zero
hidden in T11 but not welcome in A [37]. An advantage of the pole term in Eq. (15) is that, by
appropriately choosing coefficient c
(1)
0 as lims→sA
c
(1)
0
s−sA T11(s) = 1, it guarantees
A1 = Atree1 +O(s2). (16)
Up to the leading order in χPT, one finds c
(1)
0 = 16πF
2
π and sA = m
2
π/2 in Isospin 0 S-
wave. However in [1,1] Matrix Pade´ amplitude, sA = (0.490 − 0.008i)m2π and we fix c(1)0 =
(0.330− 0.001i)GeV2 = (0.779− 0.002i)16πF 2π . 3
L1 L2 L3 L4 L5 2L6+L8 2L7+L8
0.881 1.029 -3.803 0.176 1.111 1.123 0.392
Table 1: Low energy constants from couple channel Pade´ amplitudes. Here these parameters
are refitted and are slightly different from Ref. [38]. The unit is 10−3.
In V1, three different representations of T matrices were used for the fit (coupled channel
Pade´ approximation [38], K-matrix unitarization [39] and the PKU representation [40] ), however
not much difference was obtained. Therefore we only keep the Pade´ amplitude in this work to
perform the fit to the ππ invariant mass spectrum. In Table 1 we list the low energy constants4).
For more details about these T matrices, we refer to the original literature.
3The Adler zero moves to the complex plane because the existence of the left hand cut (−∞, 4m2K − 4m2π ] of
T22, which has been taken into T11 due to Matrix Pade´ approximation. And so on for that of c10.
4We noticed that for these LECs there is a difference between ours [38] (LOi ) and that in the earlier
work [41](LPi ): L
P
i = L
O
i +
Γi
32π2
. It is because we calculated in MS and theirs in MS − 1. To compare
with their work we need to transform our LECs into LPi , which has been incorrectly transferred in [38] and we
correct it here.
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3 Numerical Analysis
3.1 The Experimental Data and Fit Process
Once the X(4260) → J/ψππ amplitude is calculated from Eq. (13) in above section, one
obtains the decay width ΓJ/ψππ, the cross section e
+e− → X(4260) → J/ψππ and the ππ
invariant mass spectrum. In this subsection we focus on how to write down the correct form of
denominator of the X(4260) propagator.
Beside the J/ψππ channel indicated by the experiment, the X(4260) may also decay into
hcππ,and there are other nearby thresholds close to X(4260), such as χc0 ω (4197MeV), D
∗+
s D¯
∗−
s
(4224MeV),D−D+1 (2420) (4291MeV), χc1 ω (4293MeV), etc.. It is possible that X(4260) couples
to all these channels. Therefore a careful way is to write down the denominator of the X(4260)
propagator as:
DX(q
2) =M2X − q2 − i
√
q2Γ(q2), (17)
where ΓX(q
2) consists of all partial widths,
ΓX(q
2) = ΓJ/ψππ(q
2) + Γhcππ + gωχc0kωχc0 + gD∗sD∗s k
3
D∗
s
D∗
s
+ gDD1kDD1 + gωχc1kωχc1 + Γ0.
(18)
Here ΓJ/ψππ(q
2) is calculated from the above amplitude of X(4260) → J/ψππ, and kωχc0 ,
kD∗
s
D∗
s
, kDD1 , kωχc1 are the 3-momentum of ωχc0, D
∗
sD
∗
s , DD1, ωχc1 in the X(4260) rest frame,
respectively. The D∗sD
∗
s channel begins with a P-wave coupling therefore it depends on 3rd-
order momentum, and the other three channels are of S-wave couplings and hence only depend
on their 1st-order momentum. The possible rest partial widths are parameterized as a constant
Γ0. For hcππ, since the channel momentum khcππ behaves like a constant near q
2 = M2X ,
we parameterize Γhcππ as a constant, too. Notice that Γhcππ/ΓJ/ψππ(M
2
X) is constrained by
experiment. We discuss this point in more detail in the next section.
One may notice that Zcπ is also a possible decay channel of the X(4260) but it is not
considered in this work, since the contribution of X(4260) → Zcπ → J/ψππ can be absorbed
into the XJ/ψππ contact interaction in the Lagrangian Eq. (3). To confirm this viewpoint,
we tested the contribution of Zcπ with Breit-Wigner parametrization of Zc, and found that
there was not much difference in J/ψππ and ππ spectrums from that without its contribution.
Therefore we exclude Zcπ contribution in this paper and leave it for future work.
In the present work we fit the X(4260) line shape in the region of 4.15GeV<
√
q2 < 4.47 GeV,
where the data is from Ref. [3] (16 data points) and Ref. [5] (16 data points), see in Figure 5a.
The total cross section of e+e− → J/ψππ is given by
σe+e−→J/ψπ+π− =
∫ s+
s−
∫ t+
t−
|A1|
2
dsdt
(2π)332(q2)2
, (19)
where t = (q − q−)2, A1 is defined in Eq. 13 and the lower and upper limits are given as
s− = 4m2π ,
s+ = (
√
q2 −MΨ)2 ,
t± =
1
4 s
{(
q2 −M2Ψ
)2 − [λ1/2(q2, s,M2Ψ)∓ λ1/2(s,m2π,m2π)
]2}
, (20)
λ( a, b, c) = (a− b− c)2 − 4bc .
With Eq. (20), one finds out that for a larger q2, the upper limit of s becomes too large to
insure the validity of the parametrization introduced in section 2.35. For ππ invariant mass
spectrum we use the data given in figure 4b of Ref. [3], corresponding to
√
q2 ∈ [4.2, 4.4]GeV
(17 data points), the data
√
q2 ∈ [4.15, 4.45]GeV (41 data points) in Ref. [5], and the data
√
q2
fixed at 4.26GeV(44 points) from the recent experiment [27]. For the first set of data, a MC
study of efficiency correction at
√
q2 = 4.26GeV is given in Ref. [3], and through a numerical
5For
√
q2 = 4.47GeV, it corresponds to a value
√
s ≃ 1.17GeV which is within the range that T can provide
a reasonable description.
6
test we find that the efficiency curve is well reproduced by the ππ two body phase space up to
a normalization constant, hence in our fit we simply use the two body phase space instead of
the efficiency corrected one. We assume the other two sets of data maintain similar behavior.
Summing up, there are totally 145 data points in π+π− invariant mass spectrum to be used.
Recently the cross section of ωχc0 channel is measured in [4.21, 4.45]GeV [33, 34], where
a rough structure of the X(4260) could be observed at 4.26GeV. If we assume the events in
Ref. [33, 34] all come from X(4260) decay, then 9 data points can be used. Nevertheless it may
be possible that these events come from continuum rather than from X(4260), hence in our fit
we carefully consider this possibility. That is, in the following section 3.2, the fit named Fit I,
does not include the ωχc0 cross section data, while in section 3.3 the ωχc0 cross section data
are fitted, named Fit II. It is found that Fit I does not differ much from the result of V1 (notice
that here we include the hcππ channel), but Fit II, with the ωχc0 data being included, violates
the approximate ‘scaling law’ found in V1 and lead to a small value of Γe+e− .
Parameters needed in our fit are the following: Firstly, Eq. (1) and (3) describing the γ – X
transition and the tree level X(4260) J/ψ ππ(KK¯) interactions provide 4 parameters. Secondly,
it is found that taking α1,2(s) to be linear polynomials (except the Adler zero term) is already
good enough for data fitting, hence the two αi(s) (i=1,2 and each αi(s) contains two parameters)
contribute another 4 parameters. Thirdly the massMX of theX(4260) in the propagator and the
coupling constant gωχc0 bring another two parameters. Finally, there are three normalization
factors N1, N2 and N3 for the π
+π− invariant mass spectrum of Belle, Babar and BESIII,
respectively. After summing up there are totally 13 parameters.
We also studied the parameters gD∗
s
D∗
s
, gDD1 , gωχc1 and Γ0 through rather extensive numer-
ical tests in different environments, and we found that the gD∗
s
D∗
s
, gDD1 and gωχc1 are always
vanishingly small which suggests that the coupling of X(4260) to D∗sD
∗
s , DD1(2420) and ωχc1
are negligible, compared to J/ππ, ωχc0 and hcππ. Moreover, the parameter Γ0 tends to vanish
in all different fits and hence it can be ignored too.6 Therefore we will not include the couplings
to D∗sD
∗
s , DD1(2420), ωχc1 and Γ0 in our discussion from now on.
3.2 Fit without ωχc0 Data
In this fit, named as Fit I, only the J/ψππ cross section and ππ invariant mass spectrum are
included, but not the ωχc0 cross section data which will be analyzed in the next section. About
hcππ channel, however, on one hand, lacking of precision the rough shape is not appropriate to
fit [42]. On the other hand, it is not clear yet whether they are from the X(4260) resonance
or from the continuous background. Therefore we assume hcππ has an unknown width in the
X(4260) propagator, and it is assumed to be a constant because its threshold is far away from the
X(4260) resonance,7 and it is constrained by the width of ΓJ/ψππ(q
2) as the following relation
Γhcππ = R× ΓJ/ψππ(q2)|q=4.26GeV, (23)
where the coefficient R = 0.66 is a rough estimation from the ratio of σhcππ/σJ/ψππ at q =
4.26GeV [35]. Of course, we will also test the fits with different R value ranging from 0 to 0.66.
When fit to the J/ψππ cross section and the ππ invariant mass, we found that the value of
g0 has large uncertainty. Since it characterizes the transition between X(4260) and the photon
field, or ΓX→e+e− according to Eq. (2), it should not be too large to avoid the upper bound
established by an analysis on the BES experiment: Ref. [43] gives ΓX→e+e− < 420 eV, or most
6 It is exactly for this reason we will band the hcpipi width with the J/Ψpipi width with a ratio R (see Eq. (23)),
otherwise the fit program will tend to destroy it.
7In fact, the momentum-dependent width of hcpipi channel with form factor is also tested in the fitting as
following,
Γhcππ(q
2) ∼
∫ √(q2 − (√s+mhc )2)(q2 − (√s−mhc )2)
√
s− 4m2π
4qs
dsdΩ, (21)
and
ΓX(q
2) = (ΓJ/ψππ(q
2) + Γhcππ(q
2)) exp(
q2 −M2X
Λ2
) + gωχc0kωχc0 + · · · .
(22)
This fitting result is always similar with the constant width of hcpipi, therefore only the constant Γhcππ is shown
in the text.
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Figure 4: χ2 dependence on g0. Fit I: without the ωχc0 data, where we see the scaling behaviour;
Fit II: with the ωχc0 data where the scaling behaviour disappears.
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Figure 5: The fit to the cross section e+e− → J/ψππ and ππ invariant mass spectrum without
ωχc0 data.
conservatively < 580 eV, at 90% confidence level. The dependence of χ2 on g0 is clearly depicted
in Fig. 4 (black square) which exhibits an approximate scaling law on parameter g0. When g0
increases, parameters hi have to become small to compensate for the experimental value of
ΓX→J/Ψππ as given in Eq. (3). See Eqs. (1) and (11), it is easy to find out that ΓX→J/Ψππ
is proportional to the product of g0 and hi. This mechanism keeps Γ(q
2) of the denominator
of X(4260) propagator (see Eq. (17)) almost unchanged when g0 varies. As a consequence, χ
2
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Fit I Fit II
χ2/d.o.f. 187.1/(145-12) 193.5/(154-13)
g0(MeV) 4.24 (fixed) 3.32± 0.11
gY ωχc0 0.17± 0.01 0.06± 0.01
MX(GeV) 4.2504± 0.0034 4.2432± 0.0031
Table 2: Parameters from Fit I and Fit II. Ratio R is chosen at 0.66 for example. Since g0 is
fixed, the total parameters are 12, and only important parameters are presented.
sheet I sheet II sheet III sheet IV
ΓJ/ψππ + Γhcππ + - - +
Γωχc0 + + - -
Table 3: Definition of the four Riemann sheets with the J/ψpipi (hcpipi) channel and ωχc0 channel.
sheet I sheet II sheet III sheet IV
Fit I – – 4231.9-44.2i 4233.2-42.5i
Fit II – 4241.5-24.4i 4232.8-36.3i –
Table 4: Pole position of Fit I and II. The value of
√
spole =Mpole − iΓpole/2 is given in MeV.
becomes almost inert with respect to the variation of g0 when it is large enough since the effect
can be counterbalanced by a variation of hi. This observation is already made in V1, here we
reconfirm the ‘scaling law’ even when Γhcππ is included.
The ‘scaling law’ means that we can not reliably determine parameter g0 at all when g0 is
large enough. It is important to notice that in Fig. 4 there exists a large enough space for g0
to maintain a (almost) minimal χ2, and at lower value it is below the BES ΓX→e+e− bound
given in Ref. [43]. As an example, we list the lowest value of g0 at 4.24MeV which corresponds
to ΓX→e+e− ≃ 41.1 eV, and its fitting result is shown in Fig. 5 and Table 2. For this chosen
value, Table. 2 indicates the widths of J/ψππ, hcππ and ωχc0 at
√
q2 = 4.26 GeV are 32.4 MeV,
21.3 MeV and 49.8 MeV, respectively.
We also search for poles of the X(4260) propagator, and the complex plane is divided into
four Riemann sheets by ΓJ/ψππ (Γhcππ) and Γωχc0 defined in Table 3, and the pole positions are
presented in Table 4. It is noticeable that there are two pair of poles locating above the ωχc0
threshold on the third and fourth sheet, and both of them show around 85 MeV pole width
for the X(4260) resonance. According to the pole counting rule in Ref. [44, 45], the two pair
of near threshold poles indicate that X(4260) is not like a molecule resonance but more like an
‘elementary’ particle or, in other words, a confining state.
For the purpose in extracting solid physical conclusions, we also varies the coefficient R as
0.56, 0.46, 0.36, 0.26, 0.16, 0 in the fit, and when R = 0, the fit procedure is very similar with
V1 [46], where we found a large coupling constant gωχc0 and also the χ
2 scaling law on g0. It
is found that qualitative physical results are not sensitive to the R value, and all the fits with
different R maintain the same scaling law on the coupling constant g0. In all cases the large
coupling of the ωχc0 to the X(4260) always exists which coincides with the prediction in V1.
Before going to the next section, a brief conclusion is in order: the fit result shows that the
χ2 has an approximate scaling law on g0, which could not be determined very well. Two nearby
poles are found on the third and fourth Riemann sheet. The fit results are not sensitive to the R
value, which indicates that hcππ only contributes to the X(4260) decay as a smooth background.
We predict that the ωχc0 channel has a large branching ratio in the X(4260) decay in all cases.
3.3 Fit Including ωχc0 Cross Section Data
In the above subsection, we confirmed that there should be a sizable contribution from ωχc0
channel even when the recent ωχc0 cross section data from BESIII collaboration [33,34] are not
taken into consideration. In this subsection, we further include the ωχc0 cross section data in
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our analysis to get a more precise result of gωχc0 . This will certainly benefit our understanding
on X(4260), provided that those ωχc0 data indeed come from X(4260) decay. The cross section
of e+e− → X(4260)→ ωχc0 is parameterized as Ref. [4],
σe+e−→X(4260)→ωχc0(q
2) =
3π
4q2
ΓeeΓωχc0
|DX(q2)|2 , (24)
where Γee is given in Eq. (2), DX(q
2) is the denominator of the X(4260) propagator shown in
Eq. (17) and (18) and Γωχc0 = gωχc0kωχc0 .
The major difference after taking the ωχc0 data into Fit II, is that the χ
2 scaling law on g0
disappears. As shown in Fig 4 (green triangle), the χ2 has the minimum at g0 ≃ 3.32 MeV. It
suggests that this fit is more stable than Fit I without the ωχc0 cross section.
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Figure 6: The cross section of e+e− → J/ψππ, invariant mass of ππ, and the cross section of
e+e− → ωχc0
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We again take R = 0.66 as the example, the fit result is shown in Fig. 6 and Table 2. From
Table. 2, one notices that the coupling of ωχc0 approaches a smaller value (but still much larger
than other open-charm channels), which is well constrained by the new data of X(4260) decaying
into ωχc0. The pole positions are also searched for and are shown in Table 4. It should be noticed
that there are two pairs of poles on sheet II and III, which has smaller pole width (around 60
MeV) comparing with Fit I.
Comparing the χ2/dof , Fit II (193.5/141) is similar in quality with that of Fit I (187.1/133).
The major different physical impact once the ωχc0 data are included is that it roughly reduces
gωχc0 by a factor 3. The three partial widths ΓJ/ψππ, Γhcππ and Γωχc0 are now 45.1MeV,
29.9MeV, 16.9MeV at
√
q2 = 4.26GeV, respectively. The branching ratio of ωχc0 in this fit is
18.5%, which is still sizable, and is still much larger comparing with open-charm channels, such
as DD¯, D∗D¯∗ and D∗sD¯
∗
s . Furthermore, we verified that the qualitative result is not sensitive
to the ratio R ranging in [0, 0.66]. See Table 3.3 for illustration.
Fit II
R 0.66 0.56 0.46 0.36 0.26 0.16 0.00
Γee 25.23 24.36 23.55 22.82 22.19 22.03 22.02
Γωχc0 17.49 19.04 20.89 23.11 25.84 26.75 26.77
ΓJ/ψππ 54.52 57.02 59.67 62.42 65.21 65.82 65.02
Γhcππ 35.99 31.93 27.45 22.47 16.95 10.53 0
Table 5: Partial widths obtained when R changes. The unit of Γee is in eV and the unit of the
others is in MeV.
For a summary, after taking the ωχc0 cross section data into account, the coupling of the
X(4260) decay into ωχc0 becomes smaller but fixable, and even though it is no longer dominant
but still plays an important role in the X(4260) decay, which supports our conclusion before.
Certainly, because of the large error bar near 4.26GeV from the ωχc0 cross section data (in
Fig. 6(e)) a more qualitative conclusion still needs more statistics from the experimental data.
4 Conclusions and Discussions
The property of X(4260) remains mysterious after being discovered for almost ten years. The
nature of this particle is still an controversial issue. In this work, we investigate this particle
based on all experimental data available and very modest theoretical assumptions. Hence the
conclusion we reached should be robust. Comparing with V1 [46], two more channels hcππ and
ωχc0 are now considered.
We have performed two fits: Fit I without and Fit II with the ωχc0 cross section data. In
the two scenarios, they have similar χ2/dof but different behavior on the coupling constant g0.
In the former one a χ2 scaling law on g0 is observed which could not be determined from the
fit, while in the latter case the χ2 scaling law on g0 disappears which has a minimum value
when g0 = 3.32MeV. The value of g0 corresponds to Γe+e− ≃ 25eV, which is certainly below the
Γe+e− bound in BES experiment [43]. Considering the variation of R, we also give the following
estimate on
Γee = 23.30± 3.55eV . (25)
Compared with the experimental observation of Γee×Br(J/ψππ) = 9.7±1.1eV [3] or 9.2±1.5eV
[5], we conclude that the roughly half of X(4260) decay into J/ψ ππ final state. Finally, our
analysis points out a sizable coupling between X(4260) and ωχc0 which awaits a theoretical
explanation.
In both fits there are two nearby poles found in X(4260) propagator indicating that the
X(4260) is most likely a confining state [44,45]. The small value of Γe+e− is consistent with the
hybrid scenario which indicates 5.5 ± 1.3eV ≤ Γe+e− ≤ 62 ± 15eV [10] or 23 ± 20eV [14]. Also
the hybrid state is suppressed to decay into DD¯, DsD¯s, D
∗D¯∗ and D∗sD¯
∗
s [47], which coincides
with the experimental data for the X(4260). Nevertheless, since D1 is in P wave, a hybrid state
is likely to have a large coupling to DD1 channel, this is not supported by experiment [48] and
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our analysis. It should be pointed out that a small value of Γe+e− is also consistent with the
explanation that X(4260) is the 3D charmonium state. The difficulty of this possible explanation
comes from the role of X(4160), which is considered as candidate of the 3D charmonium state in
the literature, though it has a rather large Γe+e− width. We hope our effort made in this paper
will be helpful for future investigations in clarifying the issue of X(4260).
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